In order to ensure the quality assurance and comply with standard requirements, an intralaboratory study has been performed for impact Charpy tests, involving two operators. The results based on ANOVA (Analysis of Variance) and Normalized Error statistical techniques pointed out that the execution of the tests is appropriate, because the implementation of quality assurance methods showed acceptable results.
INTRODUCTION
According to ASTM E23, Charpy impact test determines the amount of energy absorbed by a standard sample during fracture [1] . ISO/IEC 17025 standard stablishes the general requirements for technical competence in test and calibration laboratories. One of the requirements is the quality assurance of results based on prestablished acceptance criteria [2] [3] .
A statistical methodology for the evaluation of the significance of different factors and their interactions is the Analysis of Variance (ANOVA). This technique allows the comparison of variances between average values of a variable at different levels of a factor, resulting in a statistical value called p-value. This value represents the probability of significance of the analyzed factor. When p-value < P (significance level), the analyzed factor is considered significant in relation to the residual error.
In monitoring the quality of test results, another statistical method often used is Normalized Error (E n ). This method tests the compatibility of measured values with a reference value. The value of E n can be calculated according to (1) [5] . The result is considered acceptable when E n ≤ 1.
Equation 1 represents a ratio between the difference of the average values of two analyzed parameters (X 1 -X 2 ) and the square roots of the square sum of the expanded measurement uncertainty of both parameters (u 1 and u 2 ).
Thus, this paper intends to carry out a comparative study of the absorbed energy in impact testing, through the statistical methods of Normalized Error and ANOVA.
MATERIALS AND METHODS
Impact tests have been carried out with standardized test specimens, according to Figure  1 , type 'A' notch was prepared, following standard orientations for dimensional tolerance. For statistical analysis, two operators (A and B) have tested three test specimens each (i.e. 6 specimens under the same conditions). After measuring the samples, data has been analyzed through ANOVA and Normalized Error methods, considering operator as analyzed factor.
The acceptance criteria for normalized error has been E n ≤ 1 and for ANOVA has been pvalue < P, as indicated in literature.
Impact tests have been carried out using an
Instron analogic impact test machine, with 400 J of capacity and 2 J of resolution.
RESULTS AND DISCUSSION
Results of absorbed energy (KV 8 ) in Charpy testing and the uncertainty associated to KV 8 (u(KV 8 )) are shown in Table 1 . The estimation of the uncertainty was according to ISO/GUM [6] , considering the resolution, standard deviation and calibration for KV 8 . Results are satisfactory, because E n ≤ 1.
Uncertainty values for KV 8 were estimated considering the following uncertainty sources: test machine calibration certificate, equipment resolution and deviation of repeatability. These values were used to calculate combined uncertainty and, then, expanded uncertainty, and are presented in Table 2 . With the data from Table 2 , it was possible to evaluate the influence of the components in combined uncertainty. Evidently, contribution of repeatability deviation was most significant, due to precision in test specimens' dimensions.
ANOVA has been estimated using a significance level of 5%. Results are presented in Table 3 , where SQ represents the sum of squares, DF represents the degrees of freedom and MS the mean of squares. According to the results in Table 3 , it was not possible to prove the effect of the operator at a significance value (P) of 5%, since p-value = 0.42 > P = 0.05. This result is satisfactory, since an effect of the operator in the result is undesired.
Thus, by both techniques (ANOVA and E n ), it is possible to conclude the operator effect does not affect the result. That is, Charpy impact test is considered compatible for this application.
CONCLUSIONS
The statistical analysis proposed in this paper, comply with the ISO/IEC 17025 quality assurance requirement for the Charpy impact test with in an easy and reliable method. Although the participation in interlaboratory tests is necessary.
The statistical test Normalized Error between operators has been resulted satisfactory, considering the value of E n was smaller than 1.
The technique based on ANOVA has resulted in a conclusion equivalent to the normalized error, since p-value was larger than the specified significance level P = 5 %.
It is possible to conclude that these two statistical methods can be used for quality control of Charpy impact tests. The execution of the tests is appropriate, because the implementation of quality assurance methods showed acceptable results.
